12, each two hamsters in the control group were sacrificed. At each sacrifice, the trachea of each hamster was rapidly removed under ether anesthe sia and cut at the anterior wall, and then they were opened longitudinally. To remove the superficial mucus, luminal surface was washed with a gentle jet of physiological saline and then carefully examined using a stereoscopic microscope (SZH -111, Olympus Ltd., Tokyo). It was then separated into two parts longitudinally, right and left, for Table 1 .
At week 2, the earliest pathological alterations were detected as a focal loss of cilia from surface cells by SEM (Fig. 3 ). Cilia were torn off, shor tened and lost from the surface of ciliated cells. No particular changes were observed by light and stereoscopic microscopic observation.
At week 4, decilinated changes in surface ultrastructure become more marked, and light microscopically disarrangement of tracheal epith elium (Fig. 113) was found in some animals. However, no changes were detected by stereomi croscopical observation.
At week 8, various kinds of preneoplastic and neoplastic changes were developed. Two kinds of patched lesions were apparent by SEM. One was the patches of non-ciliated flat lesions and they were usually completely differentiated from sur rounding epithelium, but did not project into the tracheal lumen (Fig. 4) . Another patch consisted of non-ciliated exophytic growth lesions. These lesions were slightly projected into the tracheal lumen with the appearance of slightly domed sur face and occurrence of large folds (Fig. 5) . By light microscopical observation, basal cell prolifer ation with slight folding into luminal surface (Fig.  IC) and papillary hyperplasia (Fig. 6 ) of tracheal epithelium were seen.
In 3 of 5 animals killed at week 8, papillary tumors of trachea were developed. Stereomicros copically, tumor growth was formed papillary polyps markedly projected into the lumen and often revealed white or gray cauliflower-like nod ules with a coarse granular surface. By use of SEM, the surface of tumors consisted of a lot of small knob or globule like structures composed of cells bulging into the lumen (Fig. 7) . At high magnification of SEM, these surfaces of the cells showed variable ultrastructural changes. Some surfaces were mainly covered by microvilli, and others were characterized by microridges or micro plicae which indicated that these cells were under going squamous metaplasia, and a few distorted cilia were found.
By light microscopical observation, the papil lary tumors were covered by squamous cells or cuboidal cells. Cuboidal cells sometimes secreted alcian-blue positive mucus and had large vacuoles in their cytoplasms (Fig. 8) . In some instances both squamous and cuboidal cells were present and rarely a few ciliated cells were found. How ever, most tumors were classified as squamous cell papillomas. The stalk of these papillary growths showed a well vascularized raminiform or stem like stroma composed of a loose, poorly cellular connective tissue. The second change observed by SEM study was "black" patchy lesions, flat and exophytic type. These lesions correlated with hyperplasia and/or irregular arrangement of basal cells by light microscopical observation.
The prolifer ative character of these lesions suggested preneo plastic nature of patchy area. In the present SEM study we observed quite different cell surface patterns during carcinogenesis induced by DEN in the trachea, and these different SEM features all owed a clear-cut grading and served as a reliable classification when the light microscopic classifica tion was dubious. Thus, SEM is a useful method for characterizing surface changes during tracheal carcinogenesis.
Transmission electron microscopical observa tions were also useful method, especially for inves tigating pulmonary carcinogenesis, because it can distinguish Type 2 alveolar epithelial cells by detecting lamellated inclusion bodies. Immuno -histochemical observations are also helpful for detecting the cell origin for pulmonary car cinogenesis, and it has been reported that the histogenesis of hamster lung tumors could be detected using Type 2 epithelial cell or Clara antigens1).
Together with other techniques including im munohistochemical staining, SEM is one of the very useful methods for detecting early changes of tracheal epithelium in tracheal carcinogenesis and toxicity of hamster.
